A bacterial strain, designated TMd3a3
The genus Flavobacterium, which was first described by Bergey et al. (1923) , was included in the Approved Lists of Bacterial Names by Skerman et al. (1980) . The description of this genus was amended by Bernardet et al. (1996) , Dong et al. (2013) and Kang et al. (2013) . Based on the description of the genus, the cells of members of this genus are Gram-stain-negative, non-spore-forming rods. The cells are non-motile or motile by gliding. Colonies are non-pigmented or pigmented by carotenoid or flexirubin types of pigments or both. Most strains of this genus are positive for catalase. The chemotaxonomic characteristics of the genus include the following: the major respiratory quinone is menaquinone 6 (MK-6); the predominant fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 15 : 0 3-OH, iso-C 16 : 0 3-OH and iso-C 17 : 0 3-OH; the major polar lipid is phosphatidylethanolamine; DNA G+C content ranges from 32 to 37 mol% [practically, the members of the genus have a DNA G+C content in the range of 30-52 mol% (Liu et al., 2010; Bernardet & Bowman, 2011; Fujii et al., 2014) ]. The genus Flavobacterium consisted of over 130 species with validly published names at the time of writing. The members of this genus occur in soil and in freshwater, marine or saline environments in warm, temperate or polar locations (Bernardet & Bowman, 2011) . Several species of this genus are fish pathogens (Bernardet & Bowman, 2011) .
Various pigment-producing bacteria from environmental samples in Japan have previously been isolated and characterized (Hatayama & Kuno, 2015a, b) . During these studies,
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of Flavobacterium aquicola TMd3a3 T are LC120818-LC120820.
strain TMd3a3
T was isolated from a freshwater sample collected from the Tamagawa River in Japan (Atsugi, Kanagawa) (Hatayama & Kuno, 2015a, b) for 2-7 days at 25 C, aerobically. This strain formed yellow colonies on IPM plates. Strain TMd3a3
T also grew aerobically on R2A agar (Reasoner & Geldreich, 1985) , trypticase soy agar (Difco) and nutrient agar [per litre: 3.0 g beef extract (Difco), 5.0 g peptone (Difco), 15.0 g agar (Wako Pure Chemical Industries)], but not on marine agar 2216 (Difco). This strain was routinely cultured on R2A agar or in liquid R2A medium for 1-3 days at 25 C, aerobically.
Genomic DNA was extracted using a GenElute Bacterial Genomic DNA kit (Sigma-Aldrich). PCR amplification, cloning and sequencing of the 16S rRNA gene of strain TMd3a3
T were performed as previously described (Hatayama & Kuno, 2015b) . A similarity-based search was performed using the EzTaxon-e server (http://eztaxon-e. ezbiocloud.net/; Kim et al., 2012b) . The 16S rRNA gene sequences of strain TMd3a3
T (nucleotide positions 30-1415) were aligned with those of the type strains of related species using the CLUSTAL X software package (Thompson et al., 1997) . Evolutionary distances were calculated using the Kimura two-parameter method (Kimura, 1980) , and were then used by the MEGA6 program (Tamura et al., 2013) to reconstruct a phylogenetic tree through the neighbourjoining method (Saitou & Nei, 1987) with bootstrap values (Felsenstein, 1985) based on 1000 replications. Another phylogenetic tree was reconstructed by using the maximumlikelihood method (Tamura & Nei, 1993) with bootstrap values based on 1000 replications in the MEGA6 program.
Cloned 16S rRNA gene sequences of strain TMd3a3 T yielded three different copies (similarity between three sequences: 98.9-99.7 %). The diversity of 16S rRNA genes in the bacterial genome is not exceptional (Pei et al., 2010; V etrovský & Baldrian, 2013 (Bernardet et al., 2002) .
The temperature range for growth was tested on R2A agar at 4, 15, 20, 25, 30, 37 and 42 C. The pH range for growth was determined in filter-sterilized liquid R2A medium that was adjusted to pH 3.0-11.0 (in increments of 1 pH unit) using buffer systems as previously described (Hatayama & Kuno, 2015a) . NaCl tolerance was studied using R2A agar supplemented with 1-5 % (w/v) NaCl (Kanto Chemical). Growth under micro-aerobic (with 6-12 % O 2 and 5-8 % CO 2 ) and anaerobic (with <0.1 % O 2 and >16 % CO 2 ) conditions was tested on R2A agar or R2A agar with 0.1 % (w/v) KNO 3 (Wako Pure Chemical Industries) by using the Anaero Pack System (MicroAero kit for micro-aerobic and Anaero kit for anaerobic; Mitsubishi Gas Chemical). Cell morphology and motility were observed during the lag, exponential and stationary phases of growth under a phasecontrast microscope (BH-2; Olympus). Gliding motility was investigated by the hanging-drop method according to the protocol of Bernardet et al. (2002) and the method of Finster et al. (2009) 
except that incubation was at 25
C. Flexirubin-type pigment production and Congo red adsorption were determined as described by Bernardet et al. (2002) . The Gram reaction of cells was performed by the traditional staining method and nonstaining (KOH) method (Buck, 1982) . Catalase and oxidase activities were tested according to previously described methods (Hatayama, 2014) . Hydrolysis of CM-cellulose (Wako Pure Chemical Industries) (0.5 %, w/v), casein (Wako Pure Chemical Industries) (1 %, w/v), chitin (Wako Pure Chemical Industries) (0.5 %, w/v), pectin (Wako Pure Chemical Industries) (0.5 %, w/v), starch (Nacalai Tesque) (0.2 %, w/v), L-tyrosine (Nacalai Tesque) (0.5 %, w/v) and egg yolk (5 %, v/v) was tested using R2A agar as the basal medium. Hydrolysis of DNA was tested using DNase test agar [per litre: 20.0 g tryptone, 5.0 g NaCl, 2.0 g DNA from salmon sperm (Wako Pure Chemical Industries), 15.0 g agar]. Some physiological characteristics were determined with the API 20 E and API 20 NE systems (bioM erieux). Sterilized deionized water was used instead of API NaCl 0.85 % Medium (bioM erieux) in these systems. Utilization of carbon sources was determined by using the API 20 E and API 20 NE and the Biolog GN2 systems. Young cultures (20-24 h old) grown on R2A agar at 25 C were inoculated into these systems. The results of these systems were evaluated after 48 h of incubation at 25 C according to the manufacturers' instructions. The physiological characteristics of strain TMd3a3
T are summarized in Table 1 and in the species description. Different physiological characteristics between strain TMd3a3
T and the reference strains are summarized in Table 1. Strain TMd3a3 T was able to grow anaerobically on R2A agar with 0.1 % KNO 3 , but not on R2A agar without supplementation.
For analyses of respiratory quinones, cellular fatty acid composition and polar lipids, the cells were grown aerobically in liquid R2A medium for 17-19 h at 25 C (corresponding to the mid-to late-exponential growth phase). Profiles of respiratory quinones and cellular fatty acids were determined by TechnoSuruga Laboratory (Shizuoka, Japan). Respiratory quinones were extracted with n-hexane (Wako Pure Chemical Industries) from the total lipid extraction obtained by the method of Bligh & Dyer (1959) prior to analysis by UPLC [ACQUITY UPLC system (Waters); column: Eclipse Plus C18 (3.0 mm i.d. Â150 mm, particle size: 3.5 µm) (Agilent technologies); mobile phase: methanol (Wako Pure Chemical Industries)/isopropanol (Wako Pure Chemical Industries) 3 : 1 (v/v) at a flow rate of 0.5 ml min À1 ; temperature: 35 C]. Determination of cellular fatty acids was performed by the standard method provided by the Sherlock Microbial Identification System (version 6) (MIDI) with the TSBA6 library. Polar lipids were identified by two-dimensional TLC (Minnikin et al., 1984) and staining with molybdatophosphoric acid (Merck Millipore) for total lipids, molybdenum blue (SigmaAldrich) for phospholipids, anisaldehyde reagent [5 ml p-anisaldehyde (Wako Pure Chemical Industries), 90 ml ethanol (Wako Pure Chemical Industries), 5 ml sulfuric acid (Kanto Chemical) and 1 ml acetic acid (Wako Pure Chemical Industries)] for glycolipids or ninhydrin reagent [0.25 g ninhydrin (Wako Pure Chemical Industries) and 100 ml n-butanol (Wako Pure Chemical Industries) saturated with water] for aminolipids. The DNA G+C content was determined by the HPLC method of Tamaoka & Komagata (1984) . Strain TMd3a3 T contained only MK-6 as respiratory quinone. The major cellular fatty acids (>10 % 
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Flavobacterium aquicola TMd3a3 T (LC120820) Fig. 1 . Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences of strain TMd3a3 T (three copies) and type strains of related species. Bar, 0.02 substitutions per nucleotide position. Bootstrap values are calculated from 1000 repeats, and those greater than 70 % are shown at branch points. Numbers in parentheses are accession numbers in the GenBank/ EMBL/DDBJ database. Filled circles indicate that the corresponding nodes were also recovered in the maximum-likelihood tree. 
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of the total) of strain TMd3a3 T were iso-C 15:0 and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) ( Table 2 ). Polar lipids of strain TMd3a3
T were phosphatidylethanolamine, five unidentified aminolipids and five unidentified polar lipids (Fig. S1 , available in the online Supplementary Material). The DNA G+C content of strain TMd3a3 T was 36.5 mol%. These chemotaxonomic characteristics of strain TMd3a3 T agreed with those of the genus Flavobacterium. However, the full profile of cellular fatty acids of strain TMd3a3
T differed from those of the reference strains (Table 2) .
DNA-DNA hybridization between strain TMd3a3
T and the reference strains was conducted fluorometrically by the method of Ezaki et al. (1989) . Photobiotin-labelled DNA was hybridized with unlabelled DNA which had been immobilized on the surface of microdilution wells. Hybridization was performed at 39 C (T m -45 C T were 10 % (or 13 %, reciprocal value), 3 % (or 4 %), 6 % (or 5 %), 5 % (or 7 %), 6 % (or 7 %), 7 % (or 7 %) and 5 % (or 8 %), respectively. These values of DNA-DNA relatedness were well below the 70 % cut-off point recommended for the assignment of bacterial strains to the same genomic species (Wayne et al., 1987) .
The phylogenetic position of strain TMd3a3
T indicated that this strain belongs to the genus Flavobacterium. The phenotypic characteristics of strain TMd3a3
T agreed with those of this genus (e.g. characteristics of cells and colonies, catalase activity, major respiratory quinone, major cellular fatty acids, major polar lipid, DNA G+C content). However, strain TMd3a3
T could be distinguished from related members of the genus Flavobacterium including the closest phylogenetic neighbour (F. maotaiense JCM 19927 T ) on the basis of phenotypic characteristics (Tables 1 and 2 ). In particular, strain TMd3a3 T was easily distinguished from these members of the genus except F. resistens by anaerobic growth with nitrate and denitrification (reduction of nitrate to nitrogen). The low values of DNA-DNA relatedness indicated that strain TMd3a3
T should be classified in a species separate from related species. We therefore propose that strain TMd3a3
T should be assigned to a novel species of the genus Flavobacterium, for which the name Flavobacterium aquicola sp. nov. is proposed.
Description of Flavobacterium aquicola sp. nov.
Flavobacterium aquicola (a.qui¢co.la. L. fem. n. aqua water; L. masc. suffix -cola inhabitant; N.L. masc. n. aquicola inhabitant of water, referring to the source of the type strain).
Cells are Gram-stain-negative, non-spore-forming rods (0.5-0.6Â4-11 µm). Motile by gliding. Grows under aerobic and micro-aerobic conditions. Anaerobic growth with nitrate. After 3 days on R2A agar at 25 C, colonies are light yellow, irregular, undulate, umbonate and glistening. Growth occurs at pH 6.0-8.0 (optimum, pH 6.0-7.0), at 4- 
hydroxy-L-proline, L-leucine, propionic acid, phenyethylamine, succinic acid, urocanic acid *Positive for anaerobic growth with nitrate and denitrification as described by Kim et al. (2012a) . Negative for hydrolysis of L-tyrosine and gelatin and assimilation of D-glucose, D-mannose, L-arabinose and N-acetyl-D-glucosamine as described by Ryu et al. (2008) . †Results obtained from API 20NE system. ‡Negative for gliding motility, urease and oxidization of L-arabinose, a-lactose, L-proline, monomethyl succinate, acetic acid, a-ketobutyric acid, Tween 80, L-alaninamide, L-alanine, L-alanylglycine, methyl pyruvate, L-serine, DL-lactic acid and a-ketovaleric acid as described by Cousin et al. (2007) . §Positive for hydrolysis of gelatin and urease and negative for gliding motility as described by Tamaki et al. (2003) . ||Negative for gliding motility as described by Zamora et al. (2014) . ¶Results obtained from API 20E system. #Positive for hydrolysis of gelatin, urease, b-galactosidase and assimilation of-maltose, D-mannose and N-acetyl-D-glucosamine as described by Feng et al. (2015) . **Positive for assimilation of D-glucose, maltose and D-mannose as described by Van Trappen et al. (2005) . † †Results obtained from Biolog GN2 system. 30 C (optimum, 25 C), and with 0-1 % (w/v) NaCl (optimum, 0 %). Flexirubin-type pigment is produced. Congo red is not absorbed by colonies. Catalase-and oxidase-positive. Positive for hydrolysis of casein and starch, but negative for hydrolysis of CM-cellulose, chitin, pectin, L-tyrosine, DNA and egg yolk. In the API 20 NE and API 20 E tests, negative for indole production, arginine dihydrolase, urease and gelatin hydrolysis. In the API 20 NE tests, positive for denitrification, b-glucosidase, b-galactosidase (PNPG), and assimilation of D-glucose, L-arabinose, D-mannose and maltose, but negative for glucose fermentation and assimilation of D-mannitol, N-acetyl-D-glucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. In the API 20 E tests, positive for b-galactosidase (ONPG), but negative for lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, tryptophan deaminase, acetoin production and fermentation/oxidation of D-glucose, D-mannitol, inositol, D-sorbitol, L-rhamnose, sucrose, melibiose, amygdalin and L-arabinose. In the Biolog GN2 system, the following carbon sources can be oxidized: a-cyclodextrin, dextrin, glycogen, L-arabinose, cellobiose, D-galactose, gentiobiose, a-D-glucose, a-lactose, maltose, D-mannose, L-glutamic acid, glycyl L-aspartic acid and glycyl L-glutamic acid. In the Biolog GN2 system, the following carbon sources cannot be oxidized: Tween 40, Tween 80, *Summed features are groups of several fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete equivalent chain lengths (ECLs) as well as those where the ECLs are not reported separately. Summed feature 2 was listed as C 12 : 0 aldehyde and/or unknown fatty acid 10.928 (MIDI designation) and/or iso-C 16 : 1 I and/or C 14 : 0 3-OH. Summed feature 3 was listed as C 16 : 1 !7c and/or C 16 : 1 !6c. Summed feature 4 was listed as iso-C 17 : 1 I and/or anteiso-C 17 : 1 B. Summed feature 9 was listed as iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl. acid, L-histidine, hydroxy-L-proline, L-leucine, L-ornithine, L-phenylalanine, L-proline, L-pyroglutamic acid, D-serine, L-serine, L-threonine, DL-carnitine, g-aminobutyric acid, urocanic acid, inosine, uridine, thymidine, phenylethylamine, putrescine, 2-aminoethanol, 2,3-butanediol, glycerol, a-DL-glycerol phosphate, glucose 1-phosphate and glucose 6-phosphate. The only respiratory quinone is MK-6. The major cellular fatty acids are iso-C 15:0 and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c). Polar lipids consist of phosphatidylethanolamine, five unidentified aminolipids and five unidentified polar lipids.
The type strain, TMd3a3 T (=JCM 30987 T =DSM 100880 T ), was isolated from a freshwater sample collected from the Tamagawa River in Japan (Atsugi, Kanagawa). The genomic DNA G+C content of the type strain is 36.5 mol% (HPLC method).
